In this paper, the ultrafast dissociation following Cl 2p core-shell excitation into the 10a1* antibonding orbital in CH2Cl2 and CD2Cl2 molecules is studied. It is observed the presence of atomic Auger lines associated to the decay of dissociated Cl* atoms. The choice of CH2Cl2 and CD2Cl2 molecules to study the competition between the atomic and molecular Auger decays, allow us to probe nuclear dynamics and electron relaxation occurring on a comparable time scale, keeping other parameters identical.
INTRODUCTION
In atmospheric sciences, it is recognized that anthropogenic chlorine-containing molecules such as CFCs, may cause ozone O3 layer depletion. To contain the use of these compounds in the environment, the Montreal protocol was created in 1987. However, recent studies have shown that the protocol must include molecules with chlorine, such as CH2Cl 1 The CH2Cl2 molecule is widely used as a metal degreaser, preparation of pharmaceuticals and other chemicals. Unlike CFCS and HCFCs, CH2Cl2 has lower atmospheric lives of the order of 5-10 years, which led to their exclusion from the protocol. However the nature of its application makes its use continuous and large-scale. The dissociation of compounds that deplete the ozone layer in the stratosphere releases chlorine radicals that catalyze the loss of ozone. The reaction is illustrated below:
ClO + O3 →Cl + 2O2 Photoexcitation or photoionization of a shallow-core or deep-core electron of a molecule promotes the system to the higher energy state, which decays to an electronic state that is likely to be dissociative. An excited state has a short lifetime of the order of femtosecond femseconds. The excited states are generally dissociative, the typical time for a molecular dissociation process is between picoseconds to nanoseconds. However in some systems, the excited state lifetimes are of the same order of time required for the molecule to completely dissociate.
Ultra-fast dissociation 2 is defined as a molecular dissociation that occurs prior to electronic relaxation. This means that the molecular system has been promoted to an orbital that causes a rapid nuclear movement where the vacancy is left in one of the fragments 3 .
In the current work, we study fragmentation CH2Cl2 and CD2Cl2, using a synchrotron radiation. The choice of CH2Cl2 and its isotopic substitute, CD2Cl2,to study the competition between the atomic and molecular Auger decays, allow us to probe nuclear dynamics and electron relaxation taking place on the same time scale, keeping other parameters identical. The competition spectrum of atomic and molecular decay has important fundamental characteristics like wide lines to represent molecular decay and fine lines to represent atomic decay.
EXPERIMENT
The experiments were conducted at the VLS PGM beamline at Canadian Light Source, Saskatoon, Canada 7 The incident softy x-ray was monochromatized and the electron and ion spectra were recorded using a double toroidal photoelectron spectrometer 8 .The calibration for photon energy was performed using the basis of the the Auger resonances after photo-excitation of the 2p-shell of Ar 2p-shell ion yield spectra of Ar, a shown in Fig. 1a . Fig 1b  shows the spectrometer chamber used for the measurements. The measured resolution was 0.12 eV using Ar 3p photoionization at a photon energy of 195.5 eV. Fig 2 shows the total ion yield of CH2Cl2 around 200 eV to 206 eV photon energy range. This spectrum has been used to locate the energies of the Cl 2p → σ * resonances. The energy of 2p ionization threshold is 206.4 eV for Cl 2p3/2 and 208.0 eV for Cl 2p1/2. The LUMO and LUMO +1 orbitals have been identified following Refs 5: Cl 2p3/2 → 10 a1*, Cl 2p1/2 → 10 a1* and Cl 2p3/2 → 4 b1*. The Auger electron spectrum of CH2Cl2 molecule recorded at the Cl 2p3/2 resonance is shown in Fig. 3 . The Auger spectrum contains sharp atomic features associated to the decay in the atomic regime. The broad molecular features can be assigned to Auger decay in the molecular regime, i.e., Auger decay occurring in the undissociated molecule at small internuclear distances. The spectra shown in Fig.3 were fitted using a multipeak procedure. The procedure consists of choosing the number of peaks to be fitted. After choosing a number of peaks, one stipulates an initial estimate of the peak positions and widths. The Origin program provides the best fitting values. Direct-valence photoelectron lines can also be seen in Fig. 4 . It should be noted that due to its small size, the fit to the 1 S atomic state is not totally reliable. The Auger spectra of CH2Cl2 and CD2Cl2 has almost identical atomic and molecular peaks 9 but CD2Cl2 has a stronger molecular characteristic compared to CH2Cl2. Fig. 4 ) one can observe that the most prominent fragmentation products around the Cl 2p edge are respectively, Cl + , CH2 + , and CH2Cl + . The corresponding fragmentation pathways a re:
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At the Cl 2p3/2 → 10a1* resonance, the ultrafast dissociation is associated to the presence of the Cl + ion through Eq.(2a) (. On the other hand, the CH2 + (Eq. (2b)1b) is associated with fragmentation in the molecular region. The drop in the CH2Cl + intensity around the Cl 2p edge is another indication that the production of neutral species of CH2Cl are increasing due to the ultrafast dissociation, represented by Eq. (2a)(1a). The total and partial ion yield of selected fragments of the CH2Cl2 molecule as a function of photon energy are presented in Fig 5. 
Normalized Counts
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This minimum can be understood in terms of momentum and energy conservations in the decay route represented by Eq. 2a. Although the peak positions of the atomic contributions virtually do not change from CH2Cl2 to CD2Cl2, as expected, from the fitting results their widths are systematically larger in the case of the CH2Cl2 molecule (0.47± 0.03 eV for the 3 P, 0.36 ±0.02 eV for the 1 D, and 0.24 ± 0.07 eV for 1 S), compared to the CD2Cl2 (0.42 ± 0.03 eV for the 3 P, 0.32 ±0.01 eV for the 1 D, and 0.22 ± 0.04 eV for 1 S). Although an instrumental effect as drifting in the voltages and tunings, change the instrumental resolution slightly cannot be discarded, the most obvious way for the deuterated sample to display a wider peak width than the normal sample is as follows. If the Auger lifetime and dissociation lifetime are similar, such that the majority of transitions occur at large R, but not infinite R, then the deuterated sample, being heavier will dissociate slightly slower and the transitions will occur at slightly smaller R. As a result the two Potential Energy Surfaces will be slightly less parallel and the transition will shift slightly. Given the range of R over which transitions take place this will lead to a wider distribution of Auger energies. In fact, by plotting the CD2Cl2 and CH2Cl2 on top of each other, normalizing to the photoelectron peak, one can see a small difference in the peak shapes and positions on the atomic Auger peaks.
The Auger spectra for CD2Cl2 and CH2Cl2 molecules are qualitatively quite similar. However, a quantitative analysis shows that CH2Cl2 exhibits significantly stronger atomic features than CD2Cl2. By adding the areas of the atomic peaks for both molecules, it is possible to calculate the percentage of atomic Auger decays for both molecules as This result can be explained by the differences in the reduced both systems, making the dissociation process slower in the case of CD2Cl2. Recently Alcantara et al 5 . measured Cl 2p excited state in the case of CH2Cl2 using the technique Photoelectron Photoion Coincidence (PEPICO).
CONCLUSIONS
In this paper, we have studied the relaxation phenomena taking place in molecular core-excited states of CH2Cl2 and its isotope substitute CD2Cl2 molecules after the Cl 2p core excitation. The Cl 2p →10a * excitation was shown to take place into several Auger decay pathways. The widths of the broad structures reflect the slope of the dissociative molecular potential. The Auger spectra following the resonant excitation Cl 2p3/2→ 10a * of CH2Cl2 and CD2Cl2 can be understood as consisting of two competing processes: the first owing to the Auger decay of neutral CH2Cl + Cl * or CD2Cl + Cl * , and the second one as a result of the relaxation occurring in CX2Cl * molecules in a bonding or partially dissociated state. The atomic decay regime is expressed by sharp features in energy, suggesting well-defined initial and final states. The molecular decay regime, on the other hand, are represented as broad and structureless Gaussianlike peaks.
